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The laws of gravitation devised by Newton, and by Hilbert and Einstein, 
have failed many experimental and observational tests, namely the bore hole 

g anomaly, flat rotation curves for spiral galaxies, supcrrriassive black hole 
mass spectrum, uniformly expanding universe, cosmic filaments, laboratory G 
measurements, galactic EM bending, precocious galaxy formation,.. The re- 
sponse has been the introduction of the new epicycles: "dark matter", "dark 
energy", and others. To understand gravity we must restart witii the exper- 
imental discoveries by Galileo, and following a heuristic argument we are led 
to a uniquely determined theory of a dynamical 3-space. That 3-space exists 
has been missed from the beginning of physics, although it was 1st directly 
detected by Michelson and Morley in 1887. Uniquely generalising the quantum 
theory to include this dynamical 3-space we deduce the response of quantum 
matter and show that it results in a new account of gravity, and explains the 
above anomalies and others. The dynamical theory for this 3-space involves 
G, which determines the dissipation rate of space by matter, and a, which 
experiments and observation reveal to be the fine structure constant. For 
the 1st time we have a comprehensive account of space and matter and their 
interaction - gravity. 



1 Space and Gravity: Back to Galileo 

Although probably apocryphal Galileo's Learning Tower of Pisa experiment, showing that objects of 
different mass have the same free-fall acceleration, was the first key experimental evidence about the 
nature of space and gravity. Galileo actually did other experiments that demonstrated that effect. However, 
starting with that observation, and building on Kepler's planetary discoveries, Newton went in a direction 
that we now know to be flawed, and which subsequently flawed the generalisation by Hilbert and Einstein. 
After some 400 years there is now a futile search for "dark matter" and "dark energy" - the epicycle 
flx-ups of these flawed theories. Newton's approach was to assume that Galileo's observations could be 
explained by assuming that the magnitude of a gravitational force acting on an object with inertial mass 
m, was proportional to the value m, in which case m also acted as a gravitational mass or charge. This 
entailed an equality of the inertial mass and the gravitational mass, which became known as the Weak 
Equivalence Principle. However, starting from Galileo's observations we can follow a diff'erent development, 
and one based on the following: that the equal gravitational acceleration of objects with different masses 
was caused by the flow of space, which had that acceleration at the location of the masses, and that 
low-mass matter acted as a probe of the space acceleration. This entails the idea that space exists, is 
dynamical and directly detectable, but that the velocity of space does not directly affect mattcir, only its 
constituent acceleration. The derivation of the reaction of matter to the accelerating space had to await 
the development of the quantum theory of matter, and we find then that gravity is a refraction of the 
quantum waves, and is thus an emergent phenomenon. We also briefiy show that this account of gravity- 
resolves the above anomalies, and leads to new experimental phenomena and tests. We also discover that 



the dynamics of space has two parameters: (i) G describing the dissipative flow of space into matter, and 
which, for the case of the earth, has been directly detected by means of spacecraft earth-flyby Doppler 
shift data, and (ii) a ~ 1/137 - the fine structure constant, which determines a self-interaction coupling 
constant of the dynamical space, and which bore hole g and black hole mass data reveals to be the fine 
structure constant. So the new theory of space and gravity not only provides a well tested theory, but also 
points to a new unification of space, gravity and the quantum theory. It was pointed out in [Tl[2] that this 
unification appears to arise from an information theoretic approach to comprehending reality, leading to a 
quantum foam description of space. The new theory also explains various so-called relativistic effects, but 
in a way that does not involve "spacetime" . Indeed the putative predictions of the "spacetime" formalism 
are falsified by experiments. Experiments confirm instead Lorentz's account of relativistic effects, as being 
caused by the absolute motion of objects wrt space, and for which the maximum speed is c. Experiments 
show that the speed of light, in vacuum, is anisotropic for an observer moving through space, as 1st 
detected by Michelson and Morley in 1887, and that the fiowing space affects both quantum matter and 
electromagnetic waves, via its time dependence and/or its speed inhomogeneity. The dynamical space 
also exhibits wave/turbulence effects, usually called "gravitational waves", and again 1st detected in this 
experiment. We emphasise that the dynamical space is not a hydrodynamical theory, with some entity 
flowing through a non-dynamical geometrical space. 



2 Dynamics of Space 

We begin the heuristic derivation of the dynamics of space, and the emergence of gravity as a quantum 
matter effect, by assuming that Galileo's observations suggest the existence of a dynamical space, whose 
acceleration will be shown to determine the same acceleration of matter, and whose velocity determines the 
observed anisotropy of the speed of light, with the acceleration determining light bending and gravity as 
refraction effects. Physics must employ a covariance formulation, in the sense that ultimately predictions 
are independent of observers, and that there must also be a relativity principle that relates observations 
by different observers. We assume then that space has a structure whose movement, wrt an observer, is 
described by a velocity field, v(r, t), at the classical physics level, at a location r and time i, as defined by 
the observer. In particular the space coordinates r define an embedding space, which herein we take to 
be Euclidean. At a deeper level space is probably a fractal quantum foam, which is only approximately 
embeddable in a 3-dimensional space at a coarse-grained level. This embedding space has no ontological 
existence - it is not real. Ironically Newton took this space to be real but unobservable, and so a different 
concept, and so excluding the possibility that gravity was caused by an accelerating space. It is assumed 
that different observers, in relative uniform motion, relate their description of the velocity field by means of 
the Galilean Relativity Transformation for positions and velocities. It is usually argued that the Galilean 
Relativity Transformations were made redundant and in error by the Special Relativity Transformations. 
However this is not so - there exist an exact linear mapping between Galilean Relativity and Special 
Relativity (SR), differing only by definitions of space and time coordinates [3]. This implies that the so- 
called SR relativistic effects are not actual dynamical effects - they are purely artifacts of a peculiar choice 
of space and time coordinates. In particular Lorentz symmetry is merely a consequence of this choice of 
space and time coordinates, and is equivalent to Galilean symmetry [3]. Nevertheless Lorentz symmetry 
remains valid, even though a local preferred frame of reference exists. Lorentz Relativity, however, goes 
beyond Galilean Relativity in that the limiting speed of systems wrt to the local space causes various 
so-called relativist effects, such as length contractions and clock dilations. 
The Euler covariant constituent acceleration of space is then defined by 

a(r, t) = hm^t^o— At ^ dt ^ ^^^^^ 

which describes the acceleration of a constituent by tracking its change in velocity. This means that space 
has a (quantum) structure that permits its velocity to be defined and detected, which experimentally has 
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been done. We assume here that the flow has zero vorticity V x v = 0, and then the flow is determined 
by a scalar function v = Vu. We then need one scalar equation to determine the space dynamics, which 
we construct by forming the divergence of a. The inhomogeneous term then determines a dissipative 
flow caused by matter, expressed as a matter density, and where the coefficient turns out to be Newton's 
gravitational constant, 



Note that even a time independent matter density can be associated with a time-dependent flow. This 
equation follows essentially from covariance and dimensional analysis. For a spherically symmetric matter 
distribution, of total mass M, and a time-independent spherically symmetric flow we obtain from the 
above, and external to the sphere of matter, the acceleration of space 



which is an inverse square law. Newton applied such an acceleration to matter, not space, and which 
Newton invented directly by examining Kepler's planetary motion laws, but which makes no mention of 
what is causing the acceleration of matter, although in a letter in 1675 to Oldenburg, Secretary of the 
Royal Society, and later to Robert Boyle, he speculated that an undetectable ether flow through space 
may be responsible for gravity. Here, however, the inverse square law emerges from the Euler constituent 
acceleration, which imposes a space self-interaction. If the sphere of matter is in motion, asymptotically wrt 
space, then the flow equation becomes non-trivial to solve, and no analytic solutions are known. Numerical 
solutions reveal non-trivial wave effects. Note that one cannot go from a flow of space associated with, say 
matter asymptotically stationary wrt to space, to the case where the matter is moving, asymptotically, 
wrt to space - these are very different dynamical situations. But in either case it is trivial to transform 
the velocity field, using Galilean Relativity, between different observers who are in relative motion. 

While the above 3-space dynamical equation followed from covariance and dimensional analysis, this 
derivation is not complete yet. One can add additional terms with the same order in speed and spatial 
derivatives, and which cannot be a priori neglected. There are two such terms, as in 



where Dij = dvi/dxj. However to preserve the inverse square law external to a sphere of matter, when 
the matter is stationary, asymptotically, wrt space, the two terms must have coefficients a and —a, as 
shown. Here a is a dimensionless space self-interaction coupling constant. The ellipsis denotes higher 
order derivative terms with dimensioned coupling constants, which come into play when the flow speed 
changes rapidly wrt separation. This then gives us the dynamical theory of 3-space. It can be thought of as 
arising via a derivative expansion from a deeper theory, such as a quantum foam theory [1] . Note that the 
equation does not involve c, is non-linear and time-dependent, and involves non-local direct interactions. 
Is success implies that the universe is more connected than previously thought. Even in the absence of 
matter there can be time-dependent flows of space. To test this theory we need to determine how quantum 
matter and EM radiation respond to this dynamical space. We note immediately that this dynamics is 
very rich in that various new phenomena emerge, and which have been observed, and which do not occur 
in Newtonian gravity, which is a linear theory, nor in its relativistic generalisation. General Relativity 
(GR), with both being one-parameter theories, G: essentially GR is flawed by the assumption that GR 
must reduce to Newtonian gravity in the non-relativistic low-mass limit. 
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3 Quantum Matter and Emergent Gravity 



We now derive, uniquely, how quantum matter responds to the dynamical 3-space. This gives the 1st 
derivation of the phenomenon of gravity, and reveals this to be a quantum matter wave refraction effect. 
For a free-fall quantum system with mass m the Schrodinger equation is uniquely generalised [S] , with the 
new terms required to maintain that the motion is intrinsically wrt the 3-space, and not wrt the embedding 
space, and that the time evolution is unitary 

z?.*^ = _|^VV(r,t) - ^n (^v.V + ^V.v) ^(r,i). (4) 

The space and time coordinates {t, x, y, z} ensure that the separation of a deeper and unified process 
into different classes of phenomena - here a dynamical 3-space (quantum foam) and a quantum matter 
system, is properly tracked and connected. As well the same coordinates may be used by an observer 
to also track the different phenomena. A quantum wave packet propagation analysis gives the matter 
acceleration g = d^<v>/dt^ induced by wave refraction to be [5j 

g = — + (v.V)v -f (V X v) X vfl + ... (5) 

Vfl(ro(i),t)-vo(i)-v(ro(t),i), (6) 

where vji is the velocity of the wave packet relative to the 3-space, and where vo and tq are the velocity 
and position relative to the observer. The last term generates the Lense-Thirring effect as a vorticity 
driven effect. In the limit of zero vorticity we obtain that the quantum matter acceleration is the same 
as the 3-space acceleration: g = a. This confirms that the new physics is in agreement with Galileo's 
observations that all matter falls with the same acceleration. Using arcane language this amounts to a 
derivation of the Weak Equivalence Principle. 

Significantly the quantum matter 3-space-induced 'gravitational' acceleration also follows from max- 
imising the elapsed proper time wrt the quantum matter wave-packet trajectory Vo{t), see pLj, 



. /dtWl-X-Mlil) (7) 



which entails that matter has a maximum speed of c wrt to space, and not wrt an observer. This ensures 
that quantum waves propagating along neighbouring paths are in phase - the condition for a classical 
trajectory. This maximisation gives 

g^^ + (v.V)v+(Vxv)xv,-^--(^-|j-f... (8) 

and then taking the limit Vf>/c — ^ we recover the non-relativistic limit, above. This shows that (i) the 
matter 'gravitational' geodesic is a quantum wave refraction effect, with the trajectory determined by 
a Fermat maximum proper-time principle, and (ii) that quantum systems undergo a local time dilation 
effect. The last, relativistic, term generates the planetary precession effect. If clocks are forced to travel 
different trajectories then the above predicts different evolved times when they again meet - this is the 
Twin Effect, which now has a simple and explicit physical explanation - it is an absolute motion effect, 
meaning motion wrt space itself. This elapsed proper time expression invokes Lorentzian relativity, that 
the maximum speed is c wrt to space, and not wrt the observer, as in Einstein SR. The differential proper 
time has the form 

c^dr"^ = c^dt^ - {dv - v(r, t)dtf = g^^dx^'dx" 

which defines an induced metric for a curved spacetime manifold. However this has no ontological signifi- 
cance, and the metric is not determined by GR. 
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4 Electromagnetic Radiation and Dynamical Space 



We must generalise the Maxwell equations so that the electric and magnetic fields are excitations within 
the dynamical 3-space, and not of the embedding space. The minimal form in the absence of charges and 
currents is 

VxE = -/io f +v.VHj, V.E = 0, 

/aE \ 

VxH = eo(-^+v.VEj, V.H = 

which was first suggested by Hertz in 1890 [4], but with v then being only a constant vector field, and not 
interpreted as a moving space effect. As easily determined the speed of EM radiation is now c — l/^/xgeo 
with respect to the 3-space, and not wrt an observer in motion through the 3-space. The Michelson-Morley 
1887 experiment 1st detected this anisotropy, as have numerous subsequent experiments. A time-dependent 
and/or inhomogeneous velocity field causes the refraction of EM radiation. This can be computed by using 
the Fermat least-time approximation - the opposite of that for quantum matter. This ensures that EM 
waves along neighbouring paths are in phase. Then the EM ray paths r(t) are determined by minimising 
the elapsed travel time: 

T= , . , , 5^——-, with Vfl = ^ -v(r(t),t) (9) 

by varying both r(s) and i(s), finally giving v(t). Here s is an arbitrary path parameter, and cv/j is the 
velocity of the EM radiation wrt the local 3-space, namely c. The denominator is the speed of the EM 
radiation wrt the observer's Euclidean spatial coordinates. This equation may also be used to calculate 
the gravitational lensing by black holes, filaments and by ordinary matter, using the appropriate 3-space 
velocity field. It produces the measured light bending by the sun. 



5 Dispensing with Dark Matter 

Combining the 3-space zero-vorticity dynamics with the quantum matter acceleration, we obtain 

V-g = -47rGp-4^G/Oi3M, Vxg = (10) 

where we define 

PDM = ^{{trDf~tr{D^))- (H) 

This is Newtonian gravity but with the extra dynamical term, whose strength is given by a. The role of 
this expression is to reveal that if we analyse gravitational phenomena we will usually find that the matter 
density p is insufficient to account for the observed g. Until recently this failure of Newtonian gravity has 
been explained away as being caused by some unknown and undetected but real "dark matter" density 
- an epicycle type explanation. This expression shows that to the contrary it is a dynamical property of 
3-space itself. In deference to that language we call poM the 3-space induced effective dark matter density. 
From observed galactic EM lensing and galactic star trajectories poM may be determined and compared 
with the dynamical 3-space dynamics [J [21 [TU] . 
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6 Spatial Inflows into Spherical Matter 



For the special case of a spherically symmetric flow into a spherical matter system at rest, we set v(r, t) — 
— fw(r, i), and then the 3-space dynamics becomes, with u' — dv/dr, 

dv' „ 2 



+ vv" + -vv' + {v'f + —[—+vv']^ ~4ttGp (12) 
ot r 2r \2r J 

For a matter density p(r) and total mass M, with maximum radius R, this has an exact static solution [S] 



2G . 9 . . . 2G 



R 



^(0' = 71 ^ / Wp(s)ds + — ^ / 47rsi+tp(s)ds, Q<r<R (13) 

, ,o 2GM , , 

^ (T^f>' ' ^ ^ 
where the apparent mass is M* = M/(l — ^) « M + f M, and outside the sphere g — a — GM* /r^, 
confirming the observed inverse square law. The apparent mass is larger than the actual amount of mater, 
because of the 3-space self-interaction effect. The exterior inflow speed has been detected for the sun and 
earth [11] . At the center we see a 1 /r"/^ inflow-singularity, but whose strength is mandated by the matter 
density, and is absent when p(r) = everywhere. This is a minimal attractor or "black hole" , and is 
present in all matter systems. The term "black hole" refers to the existence of an event horizon, where the 
in-flow speed reaches c, but otherwise has no connection to the putative "black holes" of GR. The sun, as 
well as the earth, has only an induced "minimal attractor'" , which affects the interior density, temperature 
and pressure profiles [8]. The 3-space dynamics generates a black hole effective mass Mbh ~ f These 
induced black hole "effective" masses have been detected in numerous globular clusters and spherical 
galaxies and their predicted effective masses have been confirmed in some 19 such cases. The interior non- 
Newtonian singular infiow effect above is also detectable in bore hole experiments. 3-space is dissipated 
at the singularity - the flow does not satisfy a continuity equation - i.e. space is not conserved. 

7 Direct Observation of 3-Space Galactic Flow and Earth and 
Sun Inflows 

Numerous direct observations of 3-space involve the detection of light speed anisotropy. These began with 
the 1887 Michelson-Morley gas-mode interferometer experiment, that gives a solar system galactic speed 
in excess of 300 km/s, [7]. These experiments have revealed components of the flow caused by the 
sun and the earth, as well as the orbital motion of the earth. The largest effect is the galactic velocity 
of the solar system of 486 km/s in the direction RA = 4.3°, Dec = —75°, determined from spacecraft 
earth- flyby Doppler shift data [TT], a direction flrst detected by Miller in his 1925/26 gas-mode Michelson 
interferometer experiment [H], and which is completely consistent with the Michelson-Morley data. The 
observed flow component into the sun and into the earth confirms that the 3-space flow is responsible for 
both gravity and EM anisotropy [TT] . 



8 Earth Bore Holes Determine a 

The value of the parameter a was first determined from earth bore hole ^-anomaly data, which shows 
that gravity decreases more slowly down a bore hole than predicted by Newtonian gravity. Using the new 
theory of gravity we find the borehole gravity anomaly at radius r = i? -f d to be 

Ag ^ gNGid)-gid) ^2TTaGp{R)d + 0{a^), d<0 (15) 
The experimental data then reveals a to be the fine structure constant, to within experimental errors [S]. 
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9 G Measurement Anomalies 



There has been a long history of anomahes in the laboratory measurements of Newton's gravitational 
constant G. The explanation is that the gravitational acceleration external to a piece of matter is only 
given by application of Newton's inverse square law for the case of an isolated spherically symmetric mass, 
and using an external small test mass. For other shapes, and with finite size test masses, the a-dependent 
interaction results in forces that differ from Newtonian gravity at 0{a), as observed. This implies that 
laboratory measurements to determine G will also measure a 

10 Expanding Universe 

The dynamical 3-space theory has a time dependent expanding universe solution of the Hubble form. In 
the absence of matter, v{r,t) — H{t)r with H{t) = \/{l + a/2)t^ giving a scale factor a{t) = {t/to)^^^'^'^"\ 
predicting essentially a uniform expansion rate. This gives a parameter free account of the supernovae 
magnitude-redshift data |13j . That data reveals a uniformly expanding universe. However the Friedmann 
equations from GR do not have such a uniformly expanding solution, and ad hoc "dark matter" and "dark 
energy" terms are added to "save the theory" , giving the current standard cosmological model. Best fitting 
the r^A and ^Idm ACDM composition parameters to the above solution gives Oa = 0.73 and finA/ = 0.27, 
the same values as determined by fitting the ACDM to the supernova data. This demonstrates that "dark 
matter" and "dark energy" are epicycles of GR. Extending that model into the future leads to the spurious 
claim that the universe will undergo an exponential rate of expansion. The search for dark mater and dark 
energy has now become a cause celebre in astronomy, and dominates the NRC decadel plan for astronomy. 

11 Primordial Black Holes 

In the absence of matter the dynamical 3-space equation has black hole solutions of the form v{r) — 
— /3 arbitrary, giving g{r) = — a/?/4r^+"/^, as observed in spiral galaxies, resulting in flat rotation 
curves. These black holes produce a 1/r gravitational acceleration, and not a form as assumed in the 
usual Newtonian-gravity based analysis of such rotation curves, and then requiring the invention of dark 
matter. 

12 Primordial Filaments 

The 3-space dynamics also has cosmic filament solutions. v{r) = — /x/r"/^, where r is here the perpendicu- 
lar distance from the filament, for arbitrary fj,. The gravitational acceleration is long-range and attractive 
to matter, i.e. g is directed inwards towards the filament, g{r) — — a/i^/Sr^"'""/^. This is for a single 
infinite-length filament. It is conjectured that more complex solutions involving a network of filaments 
and black holes exist, and which explain the observed cosmic web. 

13 Allais and Other Effects 

The emergent theory of gravity has explained many anomalies, and more are expected to be revealed, as 
the dynamics is non-linear and already known to produce both induced and primordial black holes, and 
filaments. If masses are not spherical then the induced black holes produce a long range 1/r component 
of the gavitational acceleration that 'leaks' outside of the body. As well bodies that separate from a 
single body, such as say planets separating from a centrally forming star in the early stages, or a moon 
separating from a planet, will go from one to several induced black holes. This process may induce a 
filament joining these black holes. Such filaments would produce unusual local gravitational accelerations 
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when, for example, a pendulum is oscillating near a filament. Filaments linking different bodies would 
also strongly interact when they begin to overlap. Such novel phenomena may be the process behind the 
AUais discovery of unusual pendulum precessions during solar eclipses. As well the induced black holes 
result in extremely strong gravity at the center of bodies, for galaxies, stars and even planets 8J. These 
result in extremely large central pressures and temperatures in the case of stars and planets. In the case 
of planets these central effects would result in conditions akin to those of the earliest seconds of the big 
bang, when nuclear processes were significant, and when matter was formed from the extremely chaotic 
dynamics of space, but in the case of planets the conditions prevail over billions of years. This suggests 
that there are ongoing matter producing conditions at the centers of planets. Such a process would cause 
the planet to exhibit an ongoing and accelerating expansion, which would also be accompanied by excess 
heat. There is observational evidence that the earth is undergoing such an expansion, with the strongest 
evidence being that the continents fit together most accurately only on a sphere half the present radius of 
the earth [l5lfT6]. 

14 Conclusions 

Physics failed to discover the existence of a dynamical 3-space until very recently. This discovery changes 
all of physics. The dynamics has been revealed, and extensive direct and indirect evidence, from laboratory 
G measuring experiments, to the expansion of the universe, is now explained. Only some of that evidence 
has been cited herein. The nature of the theory suggests that space is a quantum phenomenon, and the 
occurrence of the fine structure constant in both quantum matter and space phenomena suggest that a 
new grand unification of, until now, disparate phenomena is emerging. As well the experimental data 
shows that it is Lorentzian relativity that explains relativistic effects, as absolute motion effects, and that 
Newtonian gravity and its successor. General Relativity, fail as theories of gravity and, for GR, a theory 
of the universe. 

I thank Professor Hector Miinera for the opportunity to contribute to this timely volume. 
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